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Abstract.—We conducted an electrofishing injury
study to evaluate potential effects of sampling proce-
dures on survival and health of hatchery rainbow trout
Oncorhynchus mykiss (187–307 mm total length) stocked
into an Ozark stream. We assessed two groups of trout:
one group had acclimated to stream conditions for 1
month; the other group was handled and transported just
before the study. Each group was sampled by electro-
fishing (boat-mounted, 60-Hz AC) and seining (con-
trols), resulting in four treatment groups (N 5 21). We
held fish for 48 h to evaluate mortalities in that period,
then euthanized all fish and examined them for hem-
orrhages and spinal damage. No fish died during the 48-
h holding period, indicating that our procedures did not
cause significant sampling-related mortality among
stocked trout in Brush Creek. Spinal damage was ob-
served in 5% of fish collected with electrofishing but in
none of the control fish. We found hemorrhages in 90%
of electrofished trout but none in control fish, and re-
cently handled and hauled trout had a greater occurrence
and severity of hemorrhaging.

Electrofishing techniques may cause trauma to
rainbow trout Oncorhynchus mykiss produced in
the wild (Sharber and Carothers 1988; Thompson
et al. 1997a; McMichael et al. 1998) and in hatch-
eries (Hudy 1985; McMichael 1993; Schill and
Elle 2000). Electrofished fish may show no exter-
nal sign of damage but may sustain internal in-
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juries, including hemorrhages in musculature and
spinal compression or fracture (Reynolds 1996).
A nominal rating system for common electrofish-
ing injuries (hemorrhaging and spinal damage;
Reynolds 1996) and standardized procedures to
evaluate electrofishing injury (Reynolds and Hol-
liman 2000) have facilitated study of deleterious
effects of electrofishing on fish in recent years.
Standardized procedures include sampling 20 fish
of similar size by using electrofishing and col-
lecting 20 control fish by another method, such as
seining or angling (Reynolds and Holliman 2000).
All fish collected are then euthanized and filleted
on both sides to evaluate the presence and severity
of hemorrhaging according to the rating system of
Reynolds (1996). If high numbers of hemorrhages
are observed, it is advisable to examine fish by
radiography to evaluate the presence and severity
of spinal damage, again by the rating system of
Reynolds (1996). Reynolds and Holliman (2000)
recommended that both dorsal and lateral per-
spective X-rays be performed to evaluate both
presence and directionality of spinal injuries.

As part of a 3-year study to evaluate potential
effects of rainbow trout introduction on native fish
populations in a northeastern Oklahoma Ozark
stream, we stocked hatchery-reared rainbow trout
into a stream November 2000–March 2001 and
November 2001–March 2002. We established
standardized electrofishing procedures (60-Hz AC,
3–4 A) for sampling native fish assemblages in the
year before we started trout stocking. To allow for
comparisons of electrofishing data among years,
we did not alter these electrofishing specifications
after trout were introduced. No fishing took place
in this system, so we depended on electrofishing
methods to sample stocked trout to evaluate move-
ment, habitat use, and survival.
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We sampled rainbow trout frequently, including
sampling the stocking site on the same day that
trout were stocked. However, we were concerned
that sampling-related mortality from electrofishing
could bias our survival estimates and influence the
results of our research. To evaluate the effects of
our electrofishing methods on the survival and
health of stocked rainbow trout in our study
stream, we conducted an electrofishing injury ex-
periment in December 2001. Our objectives were
to (1) estimate short-term (48 h) mortality in
stocked rainbow trout sampled by electrofishing;
(2) evaluate sublethal injuries (hemorrhages and
spinal damage) in these fish; and (3) evaluate
whether recently handled and transported fish were
more susceptible to sampling-related mortality or
injury than those that had been stocked 1 month
earlier.

Methods

Experimental design.—Our electrofishing injury
study evaluated potential effects of electrofishing
sampling procedures on survival and health of
hatchery rainbow trout stocked into an Ozark
stream. We assessed two groups of trout: one group
(stocked in November 2001) had acclimated to
stream conditions for 1 month; the other group
(stocked in December 2001) was handled and
transported just before the study. Because we sam-
pled each group by electrofishing (boat-mounted,
60-Hz AC) and seining (controls), we obtained
four treatment groups: control/stocked in Novem-
ber 2001, control/stocked in December 2001, elec-
trofished/stocked in November 2001, electro-
fished/stocked in December 2001. We allocated 21
fish to each treatment group, based on the rec-
ommendation of Reynolds and Holliman (2000)
that including at least 20 similarly sized fish in
each treatment group represents a sufficient sample
size to evaluate electrofishing injuries.

Stocking and sampling.—We stocked 500 indi-
vidually marked rainbow trout into Brush Creek,
Delaware County, Oklahoma, in November 2001
and again in December 2001. This experiment was
conducted immediately after stocking in December
2001. Neither group had been electrofished before
this experiment. Before stocking, all rainbow trout
were anesthetized with tricaine methanesulfonate
(MS-222), measured for total length (TL, mm),
weighed (g), and tagged with Floy FD-68B anchor
tags and visual implant elastomer (VIE) tags at
Crystal Springs Trout Farm, Cassville, Missouri.
After the trout remained in the raceway at the
hatchery overnight, they were loaded and hauled

for approximately 3 h to the stocking site at Brush
Creek.

Brush Creek is a small (mean width, 9 m),
spring-fed stream in Delaware County, Oklahoma;
it originates at a large natural spring and flows
approximately 10 km before draining into Lake
Eucha. The stocking site is a large (710 m2)
bedrock-formed lateral scour pool with fractured
bedrock cover; average depth is 1.16 m and max-
imum depth 2 m. Before stocking it in December
2001, we blocknetted the site to prevent movement
of stocked fish before electrofishing. After stock-
ing, we seined control fish, then electrofished the
stocking site (138C, 336 mS/cm), using a boat-
mounted Smith-Root 2.5 GPP electrofisher as part
of our standard sampling procedure (three passes
at 60-Hz AC, 3–4 A) to estimate the proportion
of stocked trout remaining in the pool. During
sampling, all electrofished rainbow trout were col-
lected, and 21 fish from each stocking group col-
lected in the final pass were randomly selected for
use in our experiment. To allocate fish into treat-
ment groups, we identified the stocking date of
each fish (November or December 2001) by Floy
tag number and color.

We anesthetized, weighed, and measured all
electrofished and control fish (N 5 21 per group)
and distributed the fish among 12 net pens (three
pens per group, seven trout per pen) in the stream
and checked for mortality after 24 and 48 h. All
fish still alive after 48 h were euthanized with a
lethal concentration of MS-222 and transported on
ice to Oklahoma State University for evaluation
of hemorrhaging and spinal damage.

Injury evaluation.—We followed guidelines by
Reynolds and Holliman (2000) to evaluate pres-
ence and severity of hemorrhaging and spinal dam-
age. To evaluate hemorrhaging, we filleted fish,
examined both the body and fillets for hemor-
rhages, and categorized perceived severity accord-
ing to the worst hemorrhage found: Level 0 5 none
apparent; Level 1 5 one or more small wounds in
the muscle; Level 2 5 one or more small (no more
than the width of two vertebrae) wounds on the
spine; Level 3 5 one or more large (more than the
width of two vertebrae) wounds on the spine
(Reynolds 1996). For evaluation of spinal damage
after filleting, all fish were imaged by X-ray at the
OSU Veterinary Teaching Hospital (lateral per-
spective only) with a Picker GX550 single-phase
X-ray unit (52 kilovoltage peak [kVp], 500 mA,
0.5-s exposure time, X-O mat TL Kodak nonscreen
film) at a distance of 102 cm. We categorized spi-
nal damage according to Reynolds (1996): Level
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TABLE 1.—Mean length and percent of rainbow trout with hemorrhages and spinal damage among treatment groups
sampled from Brush Creek to evaluate electrofishing injury in December 2001.

Treatment
Month
stocked N

Mean length
(SD; mm)

Percent injured

Hemorrhage Spinal damage

Control

Electrofished

Nov
Dec
Nov
Dec

21
21
21
21

256 (17)
240 (12)
259 (30)
244 (22)

0
0

81
100

0
0
5
5

TABLE 2.—Percent of rainbow trout with hemorrhages
(according to perceived severity), among treatment groups
sampled from Brush Creek to evaluate electrofishing in-
jury in December 2001.

Treatment
Month
stocked N

Perceived severity (percent)

0 1 2 3

Control

Electrofished

Nov
Dec
Nov
Dec

21
21
21
21

100
100
19
0

0
0
5
0

0
0

67
86

0
0

10
14

0 5 none apparent; Level 1 5 compression of
vertebrae only; Level 2 5 misalignment of ver-
tebrae, including compression; Level 3 5 fracture
of one or more vertebrae or complete separation
of two or more vertebrae.

Analysis of electrofishing injuries.—We calcu-
lated the proportions of fish with each injury type
(hemorrhage or spinal damage) within each treat-
ment group and the proportions of fish with injury
at each level of injury severity, as suggested by
Reynolds and Holliman (2000). We calculated
Cochran–Mantel–Haenszel (CMH) statistics to
evaluate the relationship between each injury type
(hemorrhages and spinal damage) and electrofish-
ing, controlling for the month in which the fish
were stocked (Proc FREQ, SAS 2000).

To evaluate severity of hemorrhaging, we used
a baseline category logit model for multinomial,
nominal responses (Agresti 2002). Reynolds and
Holliman (2000) specify that the categories of in-
jury severity should not be treated as ordinal. We
set the baseline category to Level 0 (no injury) to
facilitate comparison and used parameter estimates
to calculate the odds of rainbow trout suffering
each injury level relative to suffering no injury.
For both CMH and logit analyses, we added 0.5
to all cell values to allow calculation of odds ratios
and maximum-likelihood estimators of model pa-
rameters (Agresti 2002).

Analysis of fish length.—We used a two-way
analysis of variance (ANOVA) to evaluate rela-
tionships between the dependent variable, length,

and independent variables representing (1) the
month when trout were stocked and (2) whether
or not fish were electrofished (a 5 0.05; Proc
GLM, SAS 2000).

Results

We observed no mortalities among electrofished
or control treatment groups after 24 and 48 h. Elec-
trofished rainbow trout had high levels of hem-
orrhaging and low levels of spinal damage, re-
gardless of the amount of time spent in the stream
before they were sampled by electrofishing (Table
1). We did not observe similar muscular or spinal
damage in control fish. Cochran–Mantel–Haenszel
statistics indicated that occurrence of hemorrhag-
ing increased when fish were electrofished (CMH
5 66.22, df 5 1, P , 0.0001), whereas occurrence
of spinal damage was not related to whether fish
were electrofished (CMH 5 1.02, df 5 1, P 5
0.3116).

Just one rainbow trout in each electrofishing
treatment group exhibited spinal injury (both Lev-
el 1), indicating overall low occurrence (5%) and
severity of spinal damage; no control fish had spi-
nal damage (Table 1). Hemorrhaging occurred in
81% of rainbow trout stocked in November 2001,
and 100% of trout stocked in December 2001 (90%
in both electrofishing treatment groups combined;
Table 1). Severity level of hemorrhaging was usu-
ally Level 2 (Table 2). Rainbow trout that were
electrofished were 17.7 times more likely than con-
trol fish to suffer a Level 1 hemorrhage (control-
ling for time spent in stream; Table 3). Estimated
odds of electrofished rainbow trout sustaining Lev-
el 2 or 3 hemorrhages were 426.7 and 76.2 times
greater, respectively, than control fish (Table 3).

Recently handled and transported fish appeared
to be more susceptible to hemorrhaging than those
stocked 1 month earlier. No trout stocked in De-
cember had Level 0 or 1 injuries; all had Level 2
or 3 hemorrhages (Table 2). Additionally, the mean
number of hemorrhages per fish was greater for
fish stocked in December (9.3) than for fish
stocked in November (6.2; F 5 10.53, model df
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TABLE 3.—Parameter estimates and standard errors (in parentheses) for generalized logit model fitted to hemorrhage
occurrence and severity data for rainbow trout stocked into Brush Creek. Odds of each injury level relative to no injury
(Level 0) are calculated as ex, where x 5 the parameter estimate for each level (for example, e2.876 5 17.7 for Level
1 electrofished rainbow trout).

Parameter

Hemorrhage severity categories for logit

Level 1/Level 0 Level 2/Level 0 Level 3/Level 0

Intercept
Month stocked (Dec 5 1)
Electrofishing treatment (Yes 5 1)

23.819 (1.238)
0.1160 (1.387)
2.876 (1.368)

24.720 (1.254)
1.461 (0.929)
6.056 (1.231)

24.666 (1.337)
1.393 (1.111)
4.334 (1.287)

5 1, error df 5 40, corrected total df 5 41, P 5
0.0024). Fish recently handled and transported
were 1.1 times more likely than fish that had ac-
climated to the stream for 28 d to sustain a Level
1 hemorrhage (controlling for electrofishing treat-
ment; Table 3). Estimated odds of fish stocked in
December 2001 suffering Level 2 or 3 hemor-
rhages were 4.3 and 4.0 times greater, respectively,
than fish stocked in November 2001 (Table 3).

Our electrofishing sample contained subsamples
of fish that had been stocked in both November
(207–307 mm) and December 2001 (187–277
mm). Control fish stocked in November ranged
from 229 to 298 mm and those stocked in Decem-
ber ranged from 214 to 255 mm. Mean lengths
were significantly different among treatment
groups (F 5 3.85, model df 5 3, error df 5 80,
corrected total df 5 83, P 5 0.0125). Length of
fish in each treatment group was dependent on the
month when the trout were stocked (F 5 11.04,
df 5 1, P 5 0.0013). Trout stocked in November
2001 (mean 6 SD; 257 6 24 mm) were larger than
those stocked in December 2001 (242 6 18 mm).
No difference in length was detected between elec-
trofished (251 6 27 mm) and control fish (248 6
16 mm; F 5 0.52, df 5 1, P 5 0.4750). The in-
teraction between month stocked and electrofish-
ing was not significant (F 5 0.00, df 5 1, P 5
0.9837), indicating that only the month of stocking
contributed to differences in lengths among treat-
ment groups. The sizes of rainbow trout stocked
in each month reflected the size distribution of fish
available at the hatchery in each month. Consid-
ering all trout stocked into the stream, trout
stocked in November 2001 (253 6 25 mm) were
larger than those stocked in December 2001 (244
6 22 mm; F 5 35.54, model df 5 1, error df 5
1045, corrected total df 5 1046, P . 0.0001).

Discussion

Despite 81–100% hemorrhaging in electrofished
rainbow trout, we did not observe any mortalities
after 48 h. Other studies have also shown high

incidence of hemorrhage with low mortality
(McMichael 1993; Schill and Elle 2000), reflecting
the ability of fish to survive injuries such as hem-
orrhaging. The hemorrhage levels we observed
were similar to those observed by Schill and Elle
(2000; 81.6–86.1%), who used DC electrofishing
on similarly sized trout at similar conductivity in
a hatchery setting. As many as 10 hemorrhages
per fish occurred among fish in our electrofishing
treatment groups, exceeding the maximum number
of hemorrhages (5) per fish recorded by Schill and
Elle (2000).

Rainbow trout stocked in December 2001 that
were handled and transported just before electro-
fishing exhibited higher occurrence and severity
of hemorrhages than trout stocked in November
2001, which had acclimated to stream conditions
for 28 d. Larger fish size is generally associated
with more severe electrofishing injury (Hollender
and Carline 1994; McMichael et al. 1998), but in
this case smaller fish (those stocked in December
2001) exhibited higher hemorrhage occurrence and
severity. We hypothesize that stress from recent
handling and hauling may have made these fish
more susceptible to injury and contributed to the
greater hemorrhaging observed in this group. The
time that we electrofished after stocking generally
corresponded to the peak time of stress response
after handling and hauling (3 h; Wagner et al.
1997). However, we did not directly evaluate stress
on the fish and cannot conclusively link the stress
of handling and hauling to increased occurrence
and severity of hemorrhaging.

We found little evidence of spinal damage in
electrofished rainbow trout, regardless of time
spent in the stream before sampling. Other studies
using AC electrofishing have also found low in-
cidence of spinal damage (Hudy 1985; Habera et
al. 1996). Using DC, Dalbey et al. (1996) observed
37% spinal damage on rainbow trout similar in
size to those in this study. Greater rates of spinal
damage have been found in larger rainbow trout
obtained by AC (Sharber and Carothers 1988) and
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DC (Sharber et al. 1994; Thompson et al. 1997a)
electrofishing methods. Spinal injury occurrence
or severity may have been underestimated in this
study because we were able to conduct only lateral
perspective X-rays. McMichael et al. (1998) found
that lateral X-rays detected 87% of spinal injuries
to stream salmonids; 13% of injuries were detected
only with dorsal views. Lateral X-rays alone are
often sufficient to detect the presence of spinal
injury, but including dorsal perspective X-rays
may allow for more accurate classification of in-
jury severity (Thompson et al. 1997a; Habera et
al. 1999). Because of the additional costs of ra-
diograph procedures, we wanted to determine
whether hemorrhages were present before deciding
to perform X-rays. Once filleted and defrosted,
however, the carcasses were too fragile for us to
perform dorsal perspective X-rays. Given the na-
ture of the ongoing research project, we did not
wish to remove an additional 80 stocked rainbow
trout from the stream to perform dorsal perspective
X-rays. Therefore, we may have underestimated
spinal injury severity because we were unable to
detect directional injuries.

Hemorrhaging may have less implications on
long-term effects to salmonids than does spinal
damage (Habera et al. 1999). Schill and Elle
(2000) documented 78% reduction in hemorrhages
5 weeks after electrofishing. Hemorrhage may be
a short-term injury from which fish can recover
with no ill effects. However, electrofishing may
negatively affect the growth of rainbow trout
(Dwyer and White 1995; Dalbey et al. 1996;
Thompson et al. 1997b), and energy allocated to
healing electrofishing-induced hemorrhages may
further reduce that available for growth. Rainbow
trout stocked into Brush Creek acclimated slowly
to eating a natural diet and consumed low numbers
of prey items (Fenner 2002); energetic effects of
injury and healing could be particularly detrimen-
tal to recently stocked rainbow trout. The low mor-
tality and spinal damage that we observed indi-
cated that our sampling methods did not contrib-
uting to mortality of stocked trout that might bias
survival estimates. The incidence of hemorrhaging
that we observed may be cause for concern; how-
ever, it is unclear how these injuries may influence
long-term survival and health of stocked rainbow
trout.

Conclusions

Our results allow us to make some recommen-
dations regarding electrofishing methods for sam-
pling hatchery-reared rainbow trout stocked into

natural warmwater streams. Reynolds and Holli-
man (2000) suggest that greater than 10% injury
may be cause for concern, depending on specific
management goals. Our observed spinal damage
of 5% falls below this guideline, whereas our ob-
served incidence of hemorrhaging (90%) exceeds
it. Given the relatively rapid healing rate of hem-
orrhages (Schill and Elle 2000) and the low levels
of spinal damage observed, occasional sampling
to monitor population size or movement of stocked
trout should not bias survival estimates in Ozark
highland streams. Additionally, because of the in-
creased occurrence and severity of hemorrhaging
in recently stocked trout, we recommend allowing
time for stocked rainbow trout to acclimate to
stream conditions before electrofishing.

Acknowledgments

Financial support for this publication was pro-
vided by the Federal Aid in Sport Fish Restoration
Act under Project F-41-R of the Oklahoma De-
partment of Wildlife Conservation and Oklahoma
State University through the Oklahoma Coopera-
tive Fish and Wildlife Research Unit (Cooperators:
Oklahoma Department of Wildlife Conservation,
Oklahoma State University, U.S. Geological Sur-
vey Biological Resources Division, and the Wild-
life Management Institute). M.G.W. is grateful for
additional funding provided by the J. Frances Al-
len Scholarship awarded by the American Fish-
eries Society and administered by the Equal Op-
portunities Section of the American Fisheries So-
ciety. We thank Jim Reynolds for thoughtful com-
ments and insight that greatly improved this
manuscript. Three anonymous reviewers also of-
fered constructive advice to improve the manu-
script. We thank Chris Bilder for advice concern-
ing analyses, and Chris Hughey for performing X-
rays. Daniel Fenner, Melissa Willis, Greg Cum-
mings, Matt Mauck, Mark Nicholson, Raymond
Ary, and Derek York provided assistance collect-
ing field data.

References

Agresti, A. 2002. Categorical data analysis. Wiley and
Sons, Hoboken, New Jersey.

Dalbey, S. R., T. E. McMahon, and W. Fredenberg. 1996.
Effect of electrofishing pulse shape and
electrofishing-induced spinal injury on long-term
growth and survival of wild rainbow trout. North
American Journal of Fisheries Management 16:
560–569.

Dwyer, W. P., and R. G. White. 1995. Influence of elec-
troshock on short-term growth of adult rainbow
trout and juvenile arctic grayling and cutthroat trout.



321MANAGEMENT BRIEFS

North American Journal of Fisheries Management
15:148–151.

Fenner, D. B. 2002. Interaction between introduced rain-
bow trout and three native fishes for food resources
in an Ozark stream. Master’s Thesis. Oklahoma
State University, Stillwater, Oklahoma.

Habera, J. W., R. J. Strange, B. D. Carter, and S. E.
Moore. 1996. Short-term mortality and injury of
rainbow trout caused by three-pass AC electrofish-
ing in a southern Appalachian stream. North Amer-
ican Journal of Fisheries Management 16:192–200.

Habera, J. W., R. J. Strange, and A. M. Saxton. 1999.
AC electrofishing injury of large brown trout in low-
conductivity streams. North American Journal of
Fisheries Management 19:120–126.

Hollender, B. A., and R. F. Carline. 1994. Injury to wild
brook trout by backpack electrofishing. North
American Journal of Fisheries Management 14:
643–649.

Hudy, M. 1985. Rainbow trout and brook trout mortality
from high voltage AC electrofishing in a controlled
environment. North American Journal of Fisheries
Management 5:475–479.

McMichael, G. A. 1993. Examination of electrofishing
injury and short-term mortality in hatchery rainbow
trout. North American Journal of Fisheries Man-
agement 13:229–233.

McMichael, G. A., A. L. Fritts, and T. N. Pearsons. 1998.
Electrofishing injury to stream salmonids; injury as-
sessment at the sample, reach, and stream scales.
North American Journal of Fisheries Management
18:894–904.

Reynolds, J. B. 1996. Electrofishing. Pages 221–253 in
B. R. Murphy and D. W. Willis, editors. Fisheries
techniques, 2nd edition. American Fisheries Soci-
ety, Bethesda, Maryland.

Reynolds, J. B., and F. M. Holliman. 2000. Guidelines

for assessment and reduction of electrofishing-
induced injuries in trout and salmon. Pages 235–
240 in D. Schill, S. Moore, P. Byorth, and B. Hamre,
editors. Management in the new millennium: are we
ready? Wild Trout VII, Beyond Words, Fort Collins,
Colorado. Available: http://www.sfos.uaf.edu/
shockingnews/effects/guidelines/studyguide.html.

SAS (SAS Institute). 2000. SAS/STAT user’s guide for
personal computers, version 8.1. SAS Institute, Inc.,
Cary, North Carolina.

Schill, D. J., and F. S. Elle. 2000. Healing of
electroshock-induced hemorrhages in hatchery rain-
bow trout. North American Journal of Fisheries
Management 20:730–736.

Sharber, N. G., and S. W. Carothers. 1988. Influence of
electrofishing pulse shape on spinal injuries in adult
rainbow trout. North American Journal of Fisheries
Management 8:117–122.

Sharber, N. G., S. W. Carothers, J. P. Sharber, J. C. de
Vos, Jr., and D. A. House. 1994. Reducing
electrofishing-induced injury of rainbow trout.
North American Journal of Fisheries Management
14:340–346.

Thompson, K. G., E. P. Bergersen, and R. B. Nehring.
1997a. Injuries to brown trout and rainbow trout
induced by capture with pulsed direct current. North
American Journal of Fisheries Management 17:
141–153.

Thompson, K. G., E. P. Bergersen, R. B. Nehring, and
D. C. Bowden. 1997b. Long-term effects of elec-
trofishing on growth and body condition of brown
trout and rainbow trout. North American Journal of
Fisheries Management 17:154–159.

Wagner, E. J., T. Bosakowski, and S. Intelmann. 1997.
Combined effects of temperature and high pH on
mortality and the stress response of rainbow trout
after stocking. Transactions of the American Fish-
eries Society 126:985–998.


